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[57] ABSTRACT

There is disclosed a superconductor junction structure com-
prising: a first superconducting layer of an oxide supercon-
ductor formed in a desired pattern on a substrate; a non-
superconducting layer of a non-superconductor formed on at
least a part of the side faces of the first superconducting
layer, a portion of the surface of the substrate near the part,
and a top face of the first superconducting layer; and a
second superconducting layer of the oxide superconductor
formed on the non-superconducting layer, the non-super-
conducting layer being formed thin at the part, and forming
a tunnel barrier. And further there is disclosed a process for
fabricating a superconductor junction structure comprising:
the first step of forming a first superconducting layer of an
oxide superconductor in a desired pattern on a substrate; the
second step of forming a non-superconducting layer of a
non-superconductor formed on at least a part of the side
faces of the first superconducting layer, a portion of the
surface of the substrate near the part, and a top face of the
first superconducting layer by depositing the non-supercon-
ductor from the above; and the third step of forming a
second superconducting layer of the oxide superconductor
on the non-superconducting layer.

12 Claims, 1 Drawing Sheet
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SUPERCONDUCTOR JUNCTION
STRUCTURE INCLUDING TWO OXIDE
SUPERCONDUCTOR LAYERS SEPARATED
BY A NON-SUPERCONDUCTING LAYER

This application is a continuation of application Ser. No.
08/126,753, filed Sep. 27, 1993, which application is a
continuaton of application Ser. No. 07/759,548, filed Sep.
13, 1991, both now abandoned which applications are
entirely incorporated herein by reference.

DETAILED DESCRIPTION OF THE
INVENTION

1. Field of the Invention

The present invention relates to a superconductor junction
structure. Specifically the present invention relates to a new
superconductor junction structure using an oxide supercon-
ductor.

2. Related Background Art

There are various structures for realizing superconductor
junctions, which are represented by the Josephson junction,
and the most preferable structure is the tunnel junction
comprising a thin non-superconductor (which does not have
superconductive characteristics) sandwiched by a pair of
superconductors. Generally these superconductor junctions
have very fine structures, and these superconductors and the
non-superconductors are formed of the so-called films. For
example, in realizing a tunnel junction by using an oxide
superconducting material as the superconductors, a first
oxide superconducting film, a non-superconducting film,
and second oxide superconducting film are laminated in the
stated order. The non-superconductor, an insulator, e.g.,
MgO or others, a semiconductor, e.g., Si or others, or a
metal, e.g., Au or others, may be used as the non-supercon-
ductor, and they are selected, depending on the applications.
Tunnel type superconductor junctions having such structures
have different properties from one another depending on the
selected material. On the other hand, a superconductor
junction structure, which does not have a non-superconduct-
ing layer interposed in the barrier portion of a tunnel, is
disclosed in Appl. Phys. Lett., 58(7), 12 Feb. 1990,
p.686-688 published by R. B. Laibowitz et al. The oxide
superconductor used in this superconductor junction struc-
ture disclosed therein is Y-B-C-O group.

The thickness of the non-superconductor of a tunnel type
superconductor junction is determined by a coherence length
of the superconductor. The oxide superconductors have very
short coherence lengths, and therefore, the tunnel type
superconductor junctions using oxide superconductors must
have the non-superconductors of which the thickness is
about some nano-meters.

On the other hand, in view of the operational properties of
the superconductor junctions, the respective layers must be
single crystals, or polycrystals having orientations very
similar to single crystals.

In the above-described tunnel type superconductor junc-
tion, a first oxide superconducting film, a non-superconduct-
ing film and a second oxide superconducting film, each of
which has good crystallinity, must be laminated.

It is difficult to form an oxide superconducting film having
good crystallinity on an oxide superconducting film, and it
is very difficult, to form an oxide superconducting film
having good crystallinity further on the non-superconduct-
ing film, due to properties of the oxide superconductor.
Conventionally, even if the above formed structure should
have been realized, the desired good properties cannot be
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2

obtained due to unsatisfactory conditions of the interface
between the oxide superconductor and the non-supercon-
ductor.

SUMMARY OF THE INVENTION

It is one object of the present invention to provide a
superconductor junction structure and a process for produc-
ing the same which use an oxide superconductor and have a
new constitution, and which can successfully solve the
above-described conventional problems.

It is further object of the present invention to provide a
superconductor junction structure comprising a first super-
conducting layer, a second superconducting layer, and a
tunnel barmier of a non-superconducting layer formed
between the first and the second superconducting layers and,
characterized by the following features. That is, the super-
conductor junction structure according to this invention
comprises a first superconducting layer of an oxide super-
conductor in a desired pattern on a substrate; a non-super-
conducting layer of a non-superconductor formed on at least
a part of the side faces of the first superconducting layer, a
portion of the surface of the substrate near said part, and a
top face of the first superconducting layer; and a second
superconducting layer of said oxide superconductor formed
on the non-superconducting layer, the non-superconducting
layer being formed thin at said part, and forming a tunnel
barrier.

The process for fabricating the superconducting structure
comprises the first step of forming a first superconducting
layer of an oxide superconductor in a required pattern on a
substrate; the second step of forming a non-superconducting
layer of a non-superconductor on at least a part of the side
faces of the first superconducting layer, a portion of the
surface of the substrate near said part, and a top face of the
first superconducting layer by depositing the non-supercon-
ductor from the above; and the third step of forming a
second superconducting layer of said oxide superconductor
on the non-superconducting layer.

The present invention will become more fully understood
from the detailed description given hereinbelow and the
accompanying drawings which are given by way of illus-
tration only, and thus are not to be considered as limiting the
present invention.

Further scope of applicability of the present invention will
become apparent from the detailed description given here-
inafter. However, it should be understood that the detailed
description and specific examples, while indicating pre-
ferred embodiments of the invention, are given by way of
illustration only, since various changes and modifications
within the spirit and scope of the invention will become
apparent to those skilled in the art from this detailed descrip-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B are views of the superconductor junc-
tion structure according to one embodiment of this inven-
tion, FIG. 1A being a sectional view of the plan view of FIG.
1B along the line A—A.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The superconductor junction structure according to the
present invention has a first superconducting layer of an
oxide superconductor, and a second superconducting layer
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of the oxide superconductor which is formed on the first
superconducting layer in a T shape with respect to the first
superconducting layer through a non-superconducting layer
which is an insulator, and has one tunnel barrier between the
first and second superconducting layers. In the supercon-
ductor junction structure, one superconductor junction is
formed per one second superconducting layer For example,
when two second superconducting layers are arranged par-
allel with each other, two superconductor junctions are
formed.

The superconductor junction according to the present
invention is a tunnel-type junction. In the present invention,
the superconductor junction is not realized only by simple
direct lamination of the superconducting layer, the non-
superconducting layer and the superconducting layer among
them. The superconductor junction is formed by the portions
of the non-superconducting layer laminated on the first
superconducting layer which are adjacent to the side faces of
the first superconducting layer, and the portion of the second
superconducting layer laminated on the non-superconduct-
ing layer which are juxtaposed with the side faces of the first
superconducting layer. That is, the superconductor junction
is formed in a direction parallel with the substrate.

To this end, in the superconductor junction structure
according to the present invention, it is preferable to use a
c-crystallographic axis oriented film of an oxide supercon-
ductor. This is the reason why the critical current density and
the coherence length are high in a direction perpendicular to
the c-crystallographic axis of the oxide superconductor.
‘When the superconductor junction structure according to the
present invention is formed of a c-crystallographic axis
oriented oxide superconductor, its superconductor junction
is formed in a direction perpendicular to the c-crystallo-
graphic axis, and has more superior properties.

The superconductor junction structure according to the
invention, as described above, is not a structure in which the
superconducting layer, non-superconducting layer and the
superconducting layer are directly laminated on one another,
and accordingly, it is not necessary to make the non-
superconducting layer, which is to be sandwiched between
the superconducting layers, ultra-thin. The non-supercon-
ducting layer may have an arbitrary thickness as long as the
non-superconducting layer is not too thick at the portions
thereof adjacent to the rising portion from an edge of the first
superconducting layer, that is, the side face thereof, and the
second superconducting layer laminated on the non-super-
conducting layer can be juxtaposed with the side faces of the
first superconducting layer through the non-superconducting
layer interposed therebetween. The non-superconducting
layer may be formed by any optional process, such as
spattering, vacuum evaporation, MBE, or laser beam abra-
sion, and especially preferably, the non-superconducting
layer is formed by feeding material particles (molecules and
gases) from a direction perpendicular to the surface of the
substrate and depositing it on the surface of the substrate.
This is the reason why the thus-fed material particles can be
deposited thick on the face (i.e., the top face of the first
superconducting layer) of the first superconducting layer
which is parallel with the substrate and thin on the faces (i.e.,
the side faces of the first superconducting layer) of the first
superconducting layer which is perpendicular to the sub-
strate, to thereby form a unitary non-superconducting layer.

In the superconductor junction structure according to the
present invention, the respective layers have parts grown
from the surface of the substrate. Consequently, it is easy to
epitaxially grow the non-superconducting layer on the first
superconducting layer, and also the second superconducting
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layer on the non-superconducting layer. The layers of the
resultant superconductor junction structure can have good
crystallization.

In the superconductor junction structure according to the
present invention, even if a plurality of the second super-
conducting layers are provided, these second superconduct-
ing layers are formed simultaneously so that all the super-
conductor junctions are formed simultaneously under the
same conditions. Accordingly, it is possible that the resultant
superconductor junctions can have all of the superconduct-
ing properties.

In the superconductor junction structure according to the
invention, the substrate can be an oxide substrate, such as
M¢gO, SrTiO; or others, and the superconducting layers can
be an oxide superconductor, such as a Y-Ba-Cu-O group
oxide superconductor, a Bi-Sr-Ca-Cu-O group oxide super-
conductor, a T1-Ba-Ca-Cu-O group oxide superconductor or
others. It is preferable to use an insulator, such as MgQO or
others, as the non-superconducting layer.

The present invention will be explained below in more
detail referring to an embodiment. The following disclosure
is merely an embodiment of the present invention and does
not limit the scope of the present invention.

FIGS. 1A and 1B schematically show one example of the
superconductor junction structure according to one embodi-
ment of the present invention. FIG. 1A is a sectional view
thereof, and FIG. 1B is a plan view thereof. The supercon-
ductor junction structure according to the present invention
comprises a first superconducting layer 1 formed in a strip
shape on a substrate, and a non-superconducting layer 3
formed thick at the portion thereof on the top surface of the
first superconducting layer 1 and thin on the portions thereof
on the edges, that is side faces, of the first superconducting
layer, and a second superconducting layer 2 formed on the
non-superconducting layer 3 to form a T shape with respect
to the first superconducting layer 1. A tunnel type supercon-
ductor junction is formed at a portion 4 defined by the rising
edges, that is the side faces, of the superconducting layer 1,
the rising edges, that is side faces, of the non-superconduct-
ing layer 3, and the rising edges, that is the side faces, of the
second superconducting layer 2. As shown in FIG. 1A, the
non-superconducting layer 3 extends along the surface of the
substrate 10 in a first direction. The thickness of the non-
superconducting layer 3 on the side face of the first super-
conducting layer 1 is less than a length of the non-super-
conducting layer 3 extending in the first direction along the
surface of the substrate 10. Also, as shown in FIG. 1A, the
thickness of the non-superconducting layer 3 on the side
face of the first superconducting layer 1 is thinner than the
thickness of the non-superconducting layer 3 on the upper
surface of the first superconducting layer 1.

In this superconductor junction structure, the first super-
conducting layer 1 has a thickness of, e.g., 300 nm, the
non-superconducting layer 2 has a thickness of, e.g., 10 nm
at the portion parallel with the substrate and, e.g., 5 nm at the
portion vertical to the substrate, and the second supercon-
ducting layer 2 has a thickness of, e.g., 200 nm.

EXAMPLE 1

The superconductor junction structure of FIGS. 1A and
1B was fabricated using Y,Ba,Cu,0,_, oxide superconduc-
tor as the oxide superconductor, and MgO as the non-
superconductor. The substrate 10 was provided by a MgO
(100).

Firstly, the first superconducting layer 1 was formed on
the substrate 10 by spattering, using a mask of Si plate with
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an aperture, and a sintered body containing Y, Ba and Cu in
an atomic ratio of 1:2:4.5 as the target. The aperture of the
mask, that is; the plane shape of the first superconducting
layer 1, had a dimension of 2 mmx50 pm, and the first
superconducting layer has a thickness of 300 nm. The first
superconducting layer 1 was grown on conditions which
allowed the layer 1 to have the c-crystallographic axis. The
spattering conditions were as follows.

Substrate temperature 630° C.
Spattering gas

Ar 8 SCCM
0, 4 SCCM
Pressure 5 x 107 Torr

Next, the non-superconducting layer 3 was formed on the
thus-formed first superconducting layer 1 using a mask, and
MgO as the target, by spattering.

The plane shape of the non-superconducting layer had a
dimension of Ix5 pym and a thickness of 10 pm. The
spattering conditions were as follows.

Substrate temperature 400° C.
Spattering gas

Ar 8 SCCM
0, 4 SCCM
Pressure 5 x 1072 Torr

Finally, the second superconducting layer 2 was formed
under the same conditions as the first superconducting layer
1. But the mask of Si plate was turned by 90°, and the
spattering position was moved so that the second supercon-
ducting layer 2 was formed in a T shape with respect to the
first superconducting layer 1. The second superconducting
layer 2 had a thickness of 200 nm.

The thus-fabricated superconductor junction according to
the present invention had the first and the second supercon-
ducting layers 1, 2 formed of c-crystallographic axis ori-
ented Y,Ba,Cu,0,_, superconductor, and the non-supercon-
ducting layer 3 formed of epitaxially grown MgO.

The fabricated superconductor junction according to the
present invention was made into a device to measure its
properties. The device was cooled down at 85K and was
supplied with a 10 GHz frequency and an 0.1 mW-output
microwave. Shapiro steps were observed at voltage points of
multiples of 20.7 uV, and it was confirmed that a Josephson
junction was realized.

EXAMPLE 2

The superconductor junction structure of FIG. 1 was
fabricated using Bi,Sr,Ca,Cu;0, oxide superconductor as
the oxide superconductor, and MgO as the non-supercon-
ductor. The substrate 10 was provided by a MgO (100).

Firstly, the first superconducting layer 1 was formed on
the substrate 10 by spattering, using a mask of Si plate, and
a sintered body containing Bi, Sr, Ca and Cu in an atomic
ratio of 2:2:2:3 as the target. The plane shape of the first
superconducting layer 1 had a dimension of 2 mmx50 um,
and a thickness of 300 nm. The first superconducting layer
1 was grown on conditions which allowed the layer 1 to have
the c-crystallographic axis orientation. The spattering con-
ditions were as follows. {
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6
Substrate temperature 650° C.
Spattering gas
Ar 8 SCCM
0, 4 SCCM
Pressure 5x 107 Torr

Next, the non-superconducting layer 3 was formed on the
thus-formed first superconducting layer 1 by spattering,
using another mask, and MgO as the target.

The plane shape of the non superconducting layer 3 had
a dimension of 1 mmx50 pm, and a thickness of 10 mm. The
spattering conditions were as follows.

Substrate temperature 400° C.
Spattering gas

Ar 8 SCCM
0, 4 SCCM
Pressure 5 x 1072 Torr

Finally, the second superconducting layer 2 was formed
under the same conditions as the first superconducting layer
1. But the mask of Si plate was turned by 90°, and the
spattering position was moved so that the second supercon-
ducting layer 2 is formed in a T shape with respect to the first
superconducting layer 1. The second superconducting layer
2 had a thickness of 200 nm.

The thus-formed superconductor junction structure
according to the present invention had the first and the
second superconducting layers 1, 2 formed of c-crystallo-
graphic axis oriented Bi,Sr,Ca,Cu;0, superconductor, and
the non-superconducting layer 3 formed of epitaxially
grown MgO.

This superconductor junction prepared according to the
present invention was made into a device to measure its
properties. The device was cooled down at 85K and was
supplied with a 10 GHz frequency and an 0.1 mW-output
microwave. Shapiro steps were observed at voltage points of
multiples of 41.3 pV, and it was confirmed that a Josephson
junction was realized.

As described above, according to the present invention, an
new tunnel type superconductor junction structure can be
formed of an oxide superconductor. The superconductor
junction structure according to the present invention can be
easily formed without directly laminating the superconduct-
ing layers and the non-superconducting layer. Consequently,
the resultant superconductor junction structure can have
good properties.

The present invention accelerates the superconductor
technology to electronic devices.

From the invention thus described, it will be obvious that
the invention may be varied in many ways. Such variations
are not to be regarded as a departure from the spirit and
scope of the invention, and all such modifications as would
be obvious to one skilled in the art are intended to be
included within the scope of the following claims.

We claim:

1. A superconductor junction structure, comprising:

a first superconducting layer made of an oxide supercon-
ductor material formed in a desired pattern on a sub-
strate;

a unitary non-superconducting layer of a non-supercon-
ductor material formed on at least a part of a side face
of said first superconducting layer and on an upper
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surface of said first superconducting layer, wherein a
portion of a surface of the substrate is near said part,
wherein a thickness of said non-superconducting layer
on said part of said side face is thinner than a thickness
of said non-superconducting layer on said upper sur-
face, wherein the non-superconducting layer extends in
a first direction along the surface of the substrate, and
wherein the thickness of the non-superconducting layer
on the side face is less than a length of the non-
superconducting layer extending in the first direction
along the surface of the substrate; and

a second superconducting layer made of said oxide super-
conductor material of said first superconducting layer
formed on at least a portion of said non-superconduct-
ing layer on said part of said side surface and said upper
surface of said first superconducting layer, wherein a
c-crystallographic axis of each of said first and second
superconducting layers is perpendicular to the surface
of the substrate, such that a superconductor junction is
formed between said first superconducting layer and

. said second superconducting layer through said part in
a direction parallel with said substrate.

2. A superconductor junction structure according to claim

1,

wherein the first superconducting layer is formed in a
strip-shape, and

the second superconducting layer is formed in a strip-
shape which forms a substantial T shape with respect to
the first superconducting layer.

3. A superconductor junction structure according to claim

1’

wherein the substrate is made of a metal oxide.

4. A superconductor junction structure according to claim
1,

wherein the non-superconducting layer is made of a
material selected from the group consisting of a metal,
a semiconductor and an insulator.

5. A superconductor junction structure according to claim
1, wherein the first and the second superconducting layers
are each formed of a material selected from the group
consisting of a Cu-O group material, a Bi-Sr-Ca-Cu-O group
material and a Tl-Ba-Ca-Cu-O group material.

6. A superconductor junction structure according to claim
1, wherein the first and the second superconducting layers
are each formed of a material selected from the group
consisting of a Y;Ba,Cuy0,, material and a
Bi,Sr,Ca,Cu,0, material.

7. A superconductor junction structure, comprising:

a first superconducting layer made of an oxide supercon-

ductor material formed in a desired pattern on a sub-
strate;
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a non-superconducting layer of a non-superconductor
material formed on at least a part of a side face of said
first superconducting layer and on an upper surface of
said first superconducting layer, wherein the non-su-
perconducting layer extends in a first direction along a
surface of the substrate, wherein a thickness of the
non-superconducting layer on the side face is less than
a length of the non-superconducting layer extending in
the first direction along the surface of the substrate, and
wherein the same non-superconductor material is
formed on said substrate, on said part of said side face
and on said upper surface of said first superconducting
layer, and wherein the thickness of said non-supercon-
ducting layer on said part of said side face is thinner
than a thickness of said non-superconducting layer on
said upper surface; and

a second superconducting layer made of said oxide super-
conductor material of said first superconducting layer
formed on at least a portion of said non-superconduct-
ing layer on said part of said side surface and said upper
surface of said first superconducting layer, wherein a
c-crystallographic axis of each of said first and second
superconducting layers is perpendicular to the surface
of the substrate, such that a superconductor junction is
formed between said first superconducting layer and
said second superconducting layer through said part in
a direction parallel with said substrate.

8. A superconductor junction structure according to claim

7, wherein the first superconducting layer is formed in a
strip-shape, and

the second superconducting layer is formed in a strip-
shape which forms a substantial T-shape with respect to
the first superconducting layer.

9. A superconductor junction structure according to claim

7, wherein the substrate is made of a metal oxide.

10. A superconductor junction structure according to
claim 7, wherein the non-superconducting layer is made of
a material selected from the group consisting of a metal, a
semiconductor and an insulator.

11. A superconductor junction structure according to
claim 7, wherein the first and the second superconducting
layers are each formed of a material selected from the group
consisting of a Cu-O group material, a Bi-Sr-Ca-Cu-O group
material and a TI-Ba-Ca-Cu-O group material.

12. A superconductor junction structure according to
claim 7, wherein the first and the second superconducting
layers are each formed of a material selected from the group
consisting of a Y,Ba,Cu;0,, material and a
Bi,Sr,Ca,Cu;0, material.
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